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Bead exchange and surface modification
Beads are exchanged into PBST buffer immediately before use to remove free streptavidin via the following procedure. First, 30 μL of 5 mg/mL streptavidin-coated beads are diluted to 150 μg/mL with PBST buffer and centrifuged at 10,000 g for 4 min. The bead pellet is held at the bottom of the tube using a magnet while the supernatant is removed, leaving about 30 μL of solution. The beads are then resuspended in 1 mL of PBST buffer by pipetting the solution up and down ~50 times with the tube bottom remaining in contact with the magnet. This procedure is repeated for a total of 4 exchanges.
Directly before use in the assay, the final bead solution is adjusted to a concentration of 50 µg/mL using the absorbance value at 286 nm as determined by calibration based on direct dilution of non-exchanged beads. For DNA detection, beads are conjugated to a secondary complementary DNA strand.
Streptavidin-coated beads are incubated with a large excess of biotinylated DNA for at least 2 h. The excess DNA is removed by buffer exchange according to the previously described method.
Chip functionalization
Chips are batch-functionalized ex-situ by a spotting method. After a 20-min sonication in ethanol, chips are immersed for 20 s in hot Piranha solution (3:1 H 2 SO 4 : 30% H 2 O 2 ) [Caution: Pirahna solution must be handled with care as it can react violently with organic compounds.], rinsed with water, and dried under a stream of nitrogen. Each chip is then spotted with a 30-µL drop of 1 mg/mL HyNic silane in 95% ethanol and 5% DMF and incubated at room temperature in an enclosed chamber for 30 min. The chip is then rinsed with ethanol and dried. A 0.5-μL drop of 4FB-modified capture DNA strand is then manually pulled across the surface with a 2.5-µL pipette tip, avoiding those rings which are to be used as controls. The chip is then blocked by submersion in StartingBlock at 4ºC for at least 8 h.
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Experimental procedure
The fluidic cell and microfluidic system have been described previously. 3 In these experiments, a Mylar gasket is used to direct flow to two microfluidic channels, each addressing 12 of the 24 active rings, allowing two experiments to be carried out on one chip. A consistent amount of capture antibody is loaded by flowing 10 µg/mL DNA-encoded anti-CRP M701289 at 2 µL/min until the antibody signal reaches ~140 ∆pm. To begin the procedure for the analysis of samples, PBST buffer is flowed over the surface to establish a baseline. A 30 µL/min-flow rate is maintained for all assay segments. The sample or standard is introduced and allowed to flow over the surface for 20 min, followed by a buffer rinse. In serum and plasma samples, this rinse is longer (~20 min) than the typical 3 min rinse to allow for desorption of non-specifically bound proteins. The biotinylated secondary antibody is then flowed over the surface for 15 min followed by another short buffer rinse (3-5 min). Finally, streptavidin-coated beads (exchanged immediately before use as described above) are flowed over the surface for 16 min followed by a final buffer rinse. For DNA detection, there is not a third binding step as the secondary detection strand is directly conjugated to the bead.
Instrumental Setup
The microring resonator instrumentation and chips were acquired from Genalyte (San Diego, CA), and have been described in detail in previous publications. 3, 4 Briefly, each chip is fabricated with 32 active microring sensors covered with a perfluoropolymer cladding layer. Eight rings on each chip remain occluded by the polymer layer and serve as thermal controls. Twenty-four active sensors rings have an annular opening etched over the ring to enable exposure to the solution in the microfluidic channel. Each ring resonance is monitored via frequency attenuation in an adjacent linear waveguide. Input and output diffractive grating couplers are located at each end of the waveguide to enable independent determination of the optical cavity spectrum for each microring using a tunable, external cavity diode laser (center frequency: 1560 nm).
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Data analysis
Calibration curves for primary binding are generated by determining the initial slope as a function of analyte concentration, as described previously. 3 Secondary and tertiary binding calibration curves are generated by plotting the total net relative shift of the secondary and bead binding, respectively (Fig. 2) .
Standard additions were prepared based on an initial estimate of the unspiked concentration in a diluted sample based on comparison to calibration plots generated in buffer. Small increments of a concentrated CRP solution are added to aliquots of diluted sample and then analyzed in the above described manner.
Standard addition plots ( Supplementary Supplementary HPV probe-conjugated beads. In (B), 10 ng/mL (blue) and 0.1 ng/mL (black) IL-6 are detected using bead-based amplification of a sandwich immunoassay. The secondary shift for 10 ng/mL IL-6 is amplified ~12x through the use of beads. However, the lower concentration of 0.1 ng/mL IL-6 (5 pM) is only detectable through the use of bead-based amplification to amplify the secondary signal. IL-6 assays were conducted in 10 mM PBS pH 7.4 + 0.1 mg/mL BSA with 1 µg/mL biotin anti-IL-6 BAF206 and 50 µg/mL streptavidin-conjugated beads. * indicates buffer rinse and arrows indicate the introduction of the identified solutions at the times noted.
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